This study aims
INTRODUCTION
The relationship between carbon dioxide emissions and economic growth has been an issue of concern for decades. Today, as the impact of excess carbon dioxide becomes more apparent, countries are inclined to reduce their emissions. An important task would be to alleviate carbon dioxide emissions regardless of whether the economy is advanced or not. China stepped forward by proposing a 40-45% reduction in carbon dioxide emissions. The pressure of reducing carbon dioxide discharges is putting more pressure on China being the largest carbon dioxide emitter. However, that should not mean that the reduction of carbon dioxide emissions is China's burden. It is necessary that every country invests considerable effort since carbon dioxide effects are global rather than country-specific.
Chinese carbon dioxide emissions are fuelled by the automotive industry. According to Xu and Lin (2015) , during the period 1980-2012, carbon dioxide emissions produced by the Chinese transport sector recorded a tenfold increase with an annual growth rate of 7.4%. The authors highlighted that the number of passenger cars in China increased nearly eight times between 2000 and 2012. Comparatively, few studies have been conducted to determine the effects of carbon dioxide emissions from the automotive industry.
The automotive industry produces carbon dioxide in two main ways. Firstly, during the vehicle manufacturing stage, industries produce carbon dioxide. Secondly, automobiles release carbon dioxide during the internal combustion of fuel. It is conceivable that the quantity of carbon dioxide emissions intensifies along with the increase in the number of cars manufactured.
Previous studies generally focused on determining associations between carbon dioxide emissions and economic growth. The effects of automotive industry on carbon dioxide discharges have not been addressed by the extant literature. The present study has several objectives. Firstly, it intends to investigate the relationships between carbon dioxide emissions and the quantity of passenger cars manufactured over the period from 1997 to 2010. Secondly, it aims to determine statistical affiliations between carbon dioxide discharges and economic growth. The investigation aims to fulfil these objectives by applying cointegration and causality tests. The remaining part of the paper is structured as follows. The first section presents an overview of previous studies. It is followed by a section elaborating on the methodology and empirical results, whereas the final part of the paper is dedicated to the analysis of research results and provision of relevant conclusions.
LITERATURE REVIEW
Multiple studies on economic growth and carbon dioxide emissions focused on China. This is because the Chinese economy is the largest emitter of carbon dioxide (Gregg et al., 2008) . Logically, as an economy grows, the diversity of export multiplies, which further results in high carbon dioxide emissions. Alshehry and Belloumi (2015) investigated the dynamic relationships between energy consumption, energy price and economic activity in Saudi Arabia. The results indicate longterm associations between energy consumption, energy price, carbon dioxide emissions and economic growth. The authors have noted that energy consumption has significant effects on economic growth and carbon dioxide discharges. The study highlighted that strategies aimed at diminishing carbon dioxide discharges may not hinder Saudi Arabia's economic growth adversely. In addition, Lee and Brahmasrene (2013) investigated the influence of tourism on economic growth and carbon dioxide emissions in Europe from 1988 to 2009. The study showed that economic growth had significant impact on carbon dioxide emissions. Additionally, Wang (2013a) noted that output growth in China and the US is the mainstay of rising carbon dioxide emissions. The author highlighted that carbon dioxide discharges can be controlled by reducing energy intensity. This is conceivable especially if an economy uses fossil fuels such as coal as the main energy source. Omri (2013) used simultaneous-equations models to examine fourteen MENA countries over the period from 1990 to 2011. The results showed that energy consumption induces carbon dioxide emissions over the material period. Similarly, Zhang and Cheng (2009) proved that changes in carbon dioxide emissions depend on energy consumption. Soytas and Sari (2009) explored causality between economic growth, carbon dioxide emissions and energy consumption in Turkey. The study proved that energy consumption was reliant on carbon dioxide emissions.The authors suggested that the lack of causation between income and emissions could mean that controls on carbon dioxide emissions may not impinge negatively on the economic growth. Most economies use green taxation as a measure against rising carbon dioxide discharges. Loganathan et al. (2014) examined the extent to which carbon taxation and economic growth affected the environment in Malaysia during the period from 1974 to 2010. Empirical evidence showed that carbon taxation and economic growth moved together in the long-run.The study registered causality effect from carbon taxes to carbon emissions with feedback. The effects of carbon taxes were further examined by Zhixin and Ya (2011) . The study revealed that a carbon tax is a determinant factor of economic growth in the eastern part of China.
In summary of the reviewed literature, the interactions between carbon dioxide discharges, energy consumption and economic growth have been thoroughly examined. Previous studies generally document a positive relationship between the trio (Alshehry & Belloumi, 2015; Lee & Brahmasrene, 2013; Wang, 2013a; Zhang & Cheng, 2009; Soytas & Sari 2009; Wang, 2012b) . Numerous countries, including Malaysia and China, employ carbon taxation as the common measure to combat carbon dioxide emissions. In China, taxation was found to stimulate economic growth in some provinces (Zhixin & Ya, 2011) . This paper contributes to the literature by analysing twenty economies and determines the relationships between passenger cars manufactured, carbon dioxide emissions and GDP.
MATERIALS AND METHODS
This study examines the relationships between carbon dioxide emissions, GDP and the number of passenger cars. The data was obtained from The Global Economy (http://www.theglobaleconomy. com), which is a website committed to monitoring and disseminating macroeconomic data to researchers. National output was in US dollars ($) while carbon dioxide emitted was measured in tonnes. The actual data was converted to natural logarithm values before proceeding with the investigation. Technically, it is easier to monitor the volatility of logarithmic values over time than actual data.This study covers the period from 1997 to 2010 with a majority of surveyed countries from Europe. Other continents, in particular America and Asia, were included to perform a more detailed comparative analysis. Due to data availability challenges, this study was restricted to data over the period from 1997 to 2010. Before proceeding with the investigation, it is imperative to carry out unit root tests. The Augmented Dickey-Fuller (ADF) test is the most applied statistical test for determining the order of integration of macroeconomic time series. The model applied is:
(1)
The definition of terms is as follows. The term ε t is a pure white noise error term and Δy t-1 is equivalent to y t-1 -y t-2 . The data was tested for unit roots in first difference and the test equation included an intercept and trend. The results show that the data is non-stationary and suitable for further empirical analysis. Eviews 7 programme was used to compute the stationarity test. Based on the computed ADF test statistics, it is concluded that the data has unit roots at different levels (1%, 5% and 10% levels). The results of the unit root test are presented in Table 1 .
The Johansen Cointegration Test
The long-run affiliations between variables are usually determined by means of a cointegration test. For the purpose of this study, the Johansen cointegration test and the Saikkonen and Lütke-pohl (2000) test will be applied to test for cointegrating vectors between GDP, carbon dioxide emissions and passenger cars. The advantage of cointegration tests is that they provide the longrun equilibrium relationships among the variables. The idea is that cointegrated variables would be attracted to each other, hence resulting in the longrun association following Johansen (1988) . The use of cointegrated vectors was pioneered by Granger (1981) , Granger and Weiss (1983) , and Engle and Granger (1987) . If there is cointegration between any two selected series, the Vector Error Correction (VECM) model may be represented as: (2) Define the terms as follows. Allow Π to be a m×m matrix with long-run implications, Γ a lag parameter matrix and e t and m-vector of residuals (Mallory & Lence, 2012) . Following Mallory and Lence (2012) , the trace statistics and the maximum eigenvalue statistics will be used to test for cointegration. The null hypothesis for the trace test is that there are at most r cointegrating vectors and will be computed as , where the term T is the number of dates in the sample (Mallory & Lence, 2012) . The maximum-eigen value test will also be used to validate the null hypothesis that there are r cointegrating vectors against the alternative of r+1. The model is
Saikkonen and Lütkepohl Cointegration Approach
Previous studies considered the Johansen methodology in the evaluation of the long-run relations. This paper further uses recent methodology proposed by Saikkonen and Lütkepohl (2000) . The major difference between the Saikkonen and Lütkepohl (2000) test and the Johansen procedure is that under the Saikkonen and Lütkepohl (2000) approach, the estimation of the deterministic term Eviews 7 was used to compute the ADF unit root test. The null hypothesis for the test is "series x, has a unit root". 
Bosupeng, M.  Adverse effects of the automotive industry is carried out first and then subtracted from the time series observations. Saikkonen and Lütkepohl (2000) considered a VAR(p) process of the form:
The pioneers allowed ν to be an unknown n×1 intercept vector. The term A j is a n×n coefficient matrix while ε t was assigned to be a n×1 stochastic error term assumed to be a martingale difference sequence with
The non-stochastic positive definite conditional covariance matrix was defined as
By subtracting y t-1 on both sides of the above vector autoregressive process and rearranging the terms, the resulting error correction model will be as follows: (4) The definition of terms is while (j=1,...,p-1) . The test validates if
Toda and Yamamoto Approach to Granger Causality
The Granger causality test has been applied several times to validate causal relationships in economics. However, Granger causality is often based on the assumption that the variables are cointegrated. The Granger causality test has certain limitations. Firstly, if the variables under consideration are driven by the common third process with different lags, there is a possibility of failing to reject the alternative hypothesis of Granger causality. Additionally, Granger causality is more reliable if one is considering data with a wide span. Therefore, this study uses Toda and Yamamoto (1995) approach to Granger causality. Wolde-Rufael (2005) observed that the Toda and Yamamoto (1995) approach fits the standard vector autoregressive model in the levels of the variables. Consequently, this minimizes the risks associated with the likelihood of wrongly identifying the order of integration of the series (Mavrotas & Kelly, 2001 ). This paper applies the Toda and Yamamoto (1995) approach as discussed by Wolde-Rufael (2005) . The tests commenced by augmenting the correct VAR order k, by the maximal order of integration, d max (Wolde-Rufael, 2005) . Following Toda and Yamamoto (1995) , once this operation is done, a (k+d max ) th order of VAR is estimated and the coefficients of d max vector are ignored (Caporale & Pittis, 1999; Rambaldi & Doran, 1996; Rambaldi, 1997; Zapata & Rambaldi, 1997) . In order to implement the Toda and Yamamoto (1995) approach to Granger causality, the models are represented by the following VAR systems:
For Carbon dioxide and Passenger Cars For Carbon dioxide and GDP 
EMPIRICAL RESULTS
The Johansen cointegration test was carried out to determine long-term relations between the quantity of passenger cars and carbon dioxide emissions. Eviews 7 was used to compute the test at 5% significance level. The results of the test show that there is a long-run relationship between the number of passenger cars and carbon dioxide emissions in France, Sweden, Spain, Hungary and Japan. These economies registered ρ-values less than the critical level of 5% (ρ<0.05), thus implying co-integration between variables. The Johansen cointegration test was further applied to validate statistical relations between carbon dioxide emissions and GDP.The test showed that carbon dioxide discharges and GDP move together in the long-run in Spain, Canada, India and Japan. The ρ-values for these economies were less than the 5% significant level, thus implying long-term significant relationships between carbon dioxide emissions and GDP. Table 2 and Table 3 show the results of the Johansen cointegration test.
The Saikkonen and Lütkepohl (2000) cointegration test was carried out at 90%, 95% and 99% critical levels using JMulti (4) statistical package. The results prove that there is a long-run relationship between dioxide emissions and the number of passenger cars manufactured in all of the countries. Note that ρ-values less than the critical levels of 90%, 95% and 99% represent cointegration. The Saikkonen and Lütkepohl (2000) test was further applied to verify long-term affiliations between GDP and carbon dioxide emissions. Similarly, the results prove that there are long-term relationships between carbon dioxide emissions and GDP for the surveyed economies. Table 4 and Table 5 present the results of the Saikkonen and Lütkepohl (2000) cointegration test.
Eviews 7 was used to carry out the Toda and Yamamoto (1995) approach to Granger causality. The Toda and Yamamoto (1995) technique for testing causality demonstrated that an increase in the number of passenger cars induces an upsurge in carbon dioxide emissions for the following economies: Belgium, France, India, China and Hungary. The reverse causality proved that the intensification of carbon dioxide emissions creates an increase in the quantity of cars manufactures in Belgium. Namely, it is the only country which exhibited causal relations with feedback between carbon dioxide emissions and cars manufactured (bidirectional causality). Note well that ρ-values less than the critical level of 5% represent causation from one variable to the other. The Toda and Yamamoto (1995) approach was further carried out to verify causal links between carbon dioxide emissions and GDP. The test affirmed that an escalation in carbon dioxide emissions induces economic growth in Belgium, China and Japan. Nonetheless, the reverse causality proved that economic growth is the leading indicator of carbon dioxide emissions in Germany, Canada and India. Table 6 and Table 7 present the results of the Toda and Yamamoto (1995) approach to Granger causality.
DISCUSSION AND CONCLUSION
This paper aimed to determine long-run relationships between carbon dioxide emissions, passenger cars and national output for twenty countries between 1997 and 2010. The study differs from other studies because it focused on the automotive industry as a contributor to the Greenhouse effect. Comparatively, most European economies are reputable automotive manufacturers, including Germany, France, Italy and Belgium. This study intended to find out how the automotive industry affects the production of carbon dioxide in multiple economies. The results of the Johansen cointegration test demonstrated that the number of passenger cars and carbon dioxide emissions move together in the long-run in France, Sweden, Spain, Hungary and Japan. Additionally, economic growth was associated with carbon dioxide emissions in Spain, Canada, India, Hungary and Japan. Furthermore, Spain and Japan revealed long-term Note: 1 shows statistical significance at 90% critical level; 2 shows statistical significance at 95% critical level; 3 shows statistical significance at 99% critical level. Note that ρ-values less than critical levels of 90%, 95% and 99% represent cointegration. The test was carried out using JMulti 4 statistical package. The deterministic term of the VECM was defined as D t =u o +u 1t . Abbreviations Nether and Czech stand for Netherlands and Czechoslovakia. LR is the likelihood ratio. Note: ⇒ implies causality in a given direction; ⇔ implies a bidirectional causal relationship; ⇎ implies that there is no causality between the variables. The test was carried out at 5% significant level. The null hypothesis (H o ) is that a given variable does not Granger cause the other (non-causality). Note that ρ-values less than the 5% critical level (ρ < 0.05) represent causality in a given direction. The null hypothesis is therefore rejected for ρ-values less than the significant level. Asterisks (***) represent a causal relationship at the 5% significant level. Eviews (7) was used to carry out the Toda-Yamamoto approach to Granger causality. Note: ⇒ implies causality in a given direction; ⇔ implies a bidirectional causal relationship; ⇎ implies that there is no causality between the variables. The test was carried out at 5% significant level. The null hypothesis (H o ) is that a given variable does not Granger cause the other (non-causality). Note that ρ-values less than the 5% critical level (ρ < 0.05) represent causality in a given direction. The null hypothesis is therefore rejected for ρ-values less than the significant level. Asterisks (***) represent a causal relationship at the 5% significant level. Eviews (7) was used to carry out the Toda-Yamamoto approach to Granger causality. relationships between the number of passenger cars and carbon dioxide discharges, as well as economic growth and carbon dioxide emissions. However, the Saikkonen and Lütkepohl (2000) test showed that changes in carbon dioxide emissions were associated with variations in the number of passenger cars for all of the surveyed economies. This was the same for the relationship between economic growth and carbon dioxide emissions. The Toda and Yamamoto (1995) causality test showed causality effect running from carbon dioxide emissions to GDP in Belgium, China and Japan. The reverse causality, however, revealed that variations in carbon dioxide emissions were brought by changes in national output in the case of Germany, Canada and India. The causality results also revealed that alterations in carbon dioxide emissions were influenced by the number of passenger cars in Belgium, France, India, China and Hungary. Carbon dioxide emissions seemed to be the leading indicator of the number of passenger cars in Belgium.The long-run relationship between carbon dioxide discharges and economic growth has been affirmed by previous studies such as Alshehry and Belloumi (2015) , Lee and Brahmasrene (2013) , and Omri (2013) .
The results of this study carry some implications. The long-run relationship between carbon dioxide emissions and the number of cars is not ideal if we are heading towards low carbon emissions. For instance, if the number of cars is associated with carbon dioxide emissions in France, Belgium, India, China and Hungary, it may imply that such economies need to produce cars that are more environment-friendly. In China, the numbers of passenger cars proved to have significant effects on carbon dioxide emissions. The results are conceivable since Xu and Lin (2015) stated that the number of passenger cars in China increased nearly eight times between 2000 and 2012. This escalated carbon dioxide emissions in China. Catalytic converters are obsolete because their function is to convert poisonous gases from the combustion process into those more friendly such as carbon dioxide. In this way, more carbon dioxide will still be produced.
Most countries aim to reduce carbon dioxide emissions to a reasonable extent. China set a target of 40-45% reduction in emissions by 2025. Deng et al. (2015) recommended that countries should reuse carbon dioxide with absorption and desorption technology. The captured gas can be used to manufacture other exportable products such as calcium carbonate (CaCO 3 ). Some economies including China and Malaysia use green taxation in their attempts to alleviate carbon dioxide emissions. In conclusion to this study, the automotive industry has substantial impact on carbon dioxide emissions and national output. Economies need to reduce carbon dioxide emissions and find alternative ways that do not impinge negatively on the overall economic growth.
